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INTRODUCTION

Palm dates have become an essential part 
of the diet in a number of nations located in the 
Middle East and North Africa because of their ex-
ceptionally high nutritional content. Dates include 
a wide variety of essential components, includ-
ing carbohydrates, vitamins, proteins, minerals, 
and lipids [Siddiq et al., 2013]. More than 2.000 
varieties of dates, each with its own particular 

physical and chemical characteristics, have been 
identified across the globe [Alkaabi et al., 2011]. 
Approximately 12.52 million tons of date fruit 
were produced worldwide, according to the report 
published by the FAOSTAT [2023]. The countries 
of Egypt, Saudi Arabia, Iran, Algeria, Iraq, Paki-
stan, Sudan, Oman, the United Arab Emirates, and 
Tunisia were the top 10 producers of palm data 
according to statistics published by FAOSTAT 
[2023]. A significant part of the collected date 
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ABSTRACT
Date pomace (DP), the primary source of the solid wastes generated from date processing industry, character-
ized by high sugar concentration and elevated moisture content, it constitutes about 30% of the weight of the 
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(BNC) production as nutrient source can significantly reduce the production cost. This study aims to investi-
gate the influence of the operational conditions namely the initial pH, incubation temperature, and DP juice ratio 
in the medium on the yield, water holding capacity, moisture content and morphology of the produced BNC. 
samples with constant initial pH, and fixed juice ratio were incubated at different temperatures. To explore the op-
timal initial pH value samples with fixed juice ratio were incubated at 30 °C. Samples with different juic ratio and 
fixed initial pH value were incubated at 30 °C. The structure and morphology of the produced BNC were tested 
using Field Emission Scanning Electron Microscopy (FESEM). The Maximum BNC wet and dry yields of 31.6 
g/L and 0.62 g/L were achieved at an initial pH of 6, an incubation temperature of 30 °C, and a juice ratio in the 
medium of 10%, respectively. The results FESEM revealed that doubling the DP juice ratio in the culture medium 
increased the porosity and regularity of the porous structure of the produced BNC. Increasing juice ratio in the 
medium decreased the yield, water holding capacity and moisture content of the produced BNC. Since oxygen is 
developed throughout the fermentation process and different types of sugars are produced from the degradation of 
starch elements in DP, it was difficult to establish a correlation between the sugar and oxygen consumption and the 
resultant BNC yield. The findings validated the feasibility of employing DP juice as a substrate for the manufacture 
of nanocellulose material with the added benefit of mitigating environmental pollution.
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fruit is used in the process of extracting date juice 
(date molasses), vinegar, jelly, jam, powder, and 
other products [Barreveld, 1993]. Date processing 
industry are responsible for the production of huge 
amount of date residues such as date seeds, date 
press cake (DPC) or date pomace (DP), and cull 
dates (out grade dates), which are either used as an-
imal feed or end up in drains and dumps. Date res-
idues can be found in a variety of forms [Alsafadi 
et al., 2020]. According to Plazzotta et al. [2017], 
the wastes generated from date processing have a 
high concentration of biodegradable organics and 
a high moisture content, which allow leachate to 
be produced and aromas to spread throughout the 
surrounding environment. Furthermore, the dis-
posal of untreated date processing waste into the 
environment promotes the growth of germs, pests, 
and mice, which in turn facilitates the spread of 
diseases [Heok et al., 2018]. The date pomace DP 
is the main component of the solid waste produced 
in date industry. It makes up around 30% of the 
processed dates’ weight and is distinguished by 
having a high sugar and moisture content [Bar-
reveld, 1993]. Many studies have been conducted 
on material and energy recovery of solid waste 
as secondary raw materials for industry. The or-
ganic fraction of municipal solid waste has been 
reused for compost production [Nawaeseh et al., 
2012]. Biogas production through the co digestion 
of sewage sludge and MSW as well as from the 
organic fraction of MSW has achieved [Aljbour 
et al., 2021; Al-Hajaya et al., 2021]. A success-
ful reuse of marble and granite sludge as replace-
ments for raw materials in the ceramic industry 
and as fine aggregate in mortar and concrete was 
acheived [Al-Hamaiedh, 2010; Al-Hamaiedeh 
and Khushefati, 2013; Al-Jarajreh, et al., 2023]. 
Al-Awabdeh et al. [2022] explored the partial re-
placement of fine aggregate by glass waste. Ad-
ditionally, successful incorporation of face masks 
in concrete mixtures was achieved by Al Swalqah 
et al. [2023]. DP has been used as a raw material 
in the manufacturing of many products, including 
fertilizers [Al-Farsi et al., 2007; Rambabu et al., 
2020] activated carbon [Hasanzadeh et al., 2020; 
Heidarinejad et al., 2018] and nanoparticles for 
the treatment of wastewater [Agarwal et al., 2017; 
Majzoobi et al., 2019; Norouzi et al., 2018].

The high content of protein, sugar, and dietary 
fiber in DP makes it an ideal carbon source for the 
production of BNC which is a natural biopolymer 
produced by particular bacterial species [Maj-
zoobi et al., 2019; Gullo et al., 2017]. In general, 

nanocellulose (NC) has micrometer-scale length 
variations with diameters ranging from 5 to 60 
nanometers [Carpenter, 2015]. Practically, the NC 
may be produced in two ways, either from veg-
etable cellulose using a number of chemical and 
mechanical processes, or it can be produced by 
aerobic fermentation using certain acid bacteria to 
produce the BNC. The synthesis of BNC is on the 
rise due to its mechanical, and optical qualities and 
low environmental impact. The produced BNCs 
are used in a wide range of applications, such as 
drug delivery systems, tissue regeneration, in vi-
tro and in vivo tissue engineering, and vascular 
grafts [Azeredo, 2013; Czaja et al., 2007; Almeida 
et al., 2014]. Because of its versatile properties, 
BNC has been the subject of extensive study using 
various substrates such as beet molasses, black tea 
broth, and date molasses in an effort to find inex-
pensive and easily accessible substrates that low-
er the production costs and increase the volume 
of production [Kiziltas et al., 2015b, Goh et al., 
2012, Al-Maleki and AL-Shamary, 2013]. Most of 
the researches are directed toward improving and 
upscaling the production of BNC through micro-
bial hosts. Early studies used a medium with 2% 
glucose (the main carbon source), 0.5% peptone, 
0.5% yeast extract, 0.27% anhydrous disodium 
phosphate, and 0.15% citric acid monohydrate 
as the standard culture media for the synthesis of 
BNC [Schramm and Hestrin 1954]. The primary 
determinants of the yield and qualities of the gen-
erated BNC are the incubation temperature, pH, 
and oxygen availability in addition to the substrate 
type and ratio in the medium. This study aims to 
investigate the influence of the operational con-
ditions (initial pH, incubation temperature, and 
DP juice ratio in the medium) on the yield, water 
holding capacity, moisture content and morphol-
ogy of the produced BNC. 

MATERIAL AND METHODS 

Figure 1 shows the summarized graphical re-
search methodology.

Experimental work setup

Samples of DP were collected from Hit-
factory – in Iraq, where molasses and vinegar 
produced from the collected dates "Zahdi" type. 
The extraction of juice from DP was performed 
following the method described by Jozala et al. 
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[2015] with minor amendments. A 500 g of DP 
was soaked in 800 ml of distilled water for 30 
minutes and then mixed in a blender, the mixture 
had been filtered through a fine cotton texture 
media. The filtrate was processed by a centrifuge 
at 4000 rpm for 20 minutes to extract the juice, 
the extracted supernatant (juice) was collected 
and sterilized in autoclave at 121 °C for 30 min 
then stored at 4 °C. The DP before and after 
juice extraction as well as the extracted juice is 
shown in Figure 2. Modified Hestrin-Schramm 
(HS) culture medium was used in the process 
of BNC production. Standard HS medium con-
sists of glucose (20) g/L, peptone (5 g/L), yeast 
extract (5 g/L), sodium di-basic hydrogen phos-
phate (2.7 g/L), and citric acid (1.15 g/L). The 
modified HS was prepared following the method 
described by Abol-Fotouh et al. [2020] with re-
placing glucose with date pomace juice. 

One liter beakers were used with only half the 
volume used in order to provide the largest av-
erage surface area: container depth. Experiments 
P1–P7 were carried out with control of the main 
determinants affecting the growth of bacteria. 

Mother of Vinegar was used in Inoculating 
which was obtained from the same factory to en-
sure that they contain commensal acid bacteria 

varieties that are resistant to the same conditions 
of date pomace. Mother of Vinegar is a gelatinous 
layer consisting of several classes of acid bacte-
ria that colonize a form of cellulose produced by 
these bacteria, and this layer is produced when 
sugary liquids are fermented as in production of 
vinegar. Vinegar mother is similar to kombucha 
(Figure 3) which represents a symbiotic culture of 
one or more species of bacteria and yeasts ‘sco-
by’ within a cellulose tissue. Proceeding from the 
great similarity between mother of vinegar and 
kombucha, mother of vinegar was used to inocu-
late the brood in the manner mentioned in Goh et 
al. [2012]. Fermentation was carried out by using 
3% of vinegar mother to inoculate culture medi-
um (weight/volume on wet weight basis).

The medium was prepared by adding the 
weighted medium components using an accurate 
balance and then adding them to the distilled water 
with continuous stirring until dissolution. PH was 
adjusted using HCI acid or NaOH base as needed. 
Then the beakers were autoclaved at 121°C for 20 
minutes then adding inoculation inside Laboratory 
Hood. Then they were statically incubated in dark 
incubator with normal aeration at deferent param-
eters for 168 ± 1 hour, the resulting cellulose layer 

Figure 1. Research methodology outlines
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on the surface of the media was harvested and 
physical analyses were performed on it.

The effect of the control parameters on bac-
terial growth, and hence the yield and proper-
ties of the produced BNC, was investigated in 
seven experimental sets, P1–P7 (Table 1). The 
initial pH level, DP juice ratio in the substrate, 
and the incubation temperature were the studied 
control parameters. Each experiment in the set 
was carried out in a 1-liter beaker with 500 ml 
of substrate that included 3% mother of vinegar 
(inoculate culture), date juice extract, and the 
culture media HS [Goh et al., 2012]. During the 
preparation of the medium, the constituents of 
the medium were weighed using an accurate 
analytical balance with an accuracy of 0.001 
g. The quantity of distilled water required was 
measured out using a graduated cylinder. Be-
fore and after the incubation period, the initial 
and final pH and oxygen levels were measured, 
respectively, using a pH meter and an oxygen 

meter. The pH was adjusted with HCI and 
NaOH to the proper level before to introducing 
the inoculum, and the samples were sterilized 
in an autoclave at 121 °C for 20 minutes. The 
samples were incubated in a dark, open space 
for 168 hours at the predetermined temperature. 
After harvesting the cellulose layer Figure 3, 
that had formed on the surface of the medium 
following incubation, measurements were made 
of the wet and dry yield, water holding capac-
ity, and moisture content of the produced BNC. 
Table 1 summarizes the conditions under which 
the experiments were conducted. Samples from 
sets P1, P3, P6, and P7, with a fixed pH of 6 and 
a DP juice ratio in the medium of 10%, were 
incubated at different temperatures (24 °C, 26 
°C, 30 °C, and 34 °C) to explore the optimal 
incubation temperature.

Additionally, samples from sets P2, P3, and 
P4, with pH values of 5, 6, and 7 respectively, 
and a fixed DP ratio of 10%, were incubated at 

Figure 2. Date pomace (a) before extracting, (b) after extracting and date pomace extract “pomace juice”

Figure 3. (a) Mother of vinegar, (b) Kombucha scoby
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30 °C to determine the optimal pH value. Fur-
thermore, samples from sets P3 and P5, with DP 
ratios of 10% and 20% respectively, were incu-
bated at a constant pH of 6 and a temperature of 
30 °C to determine the optimal juice ratio within 
the medium. Moreover, the concentrations of the 
primary sugars before and after the fermentation 
process were evaluated in order to study the im-
pact of the control parameters on sugar consump-
tion for BNC production. Using a kit designed for 
each variety of sugar, the colorimetric method of 
determining sugar content was applied. Equation 
1 was used to determine the ratios of fructose and 
glucose consumption.

 Consumption ratio = (I.S.C. – R.S.C.) / I.S.C. (1)

where: I.S.C. – initial sugar concentration (mg/
ml), R.S.C. – remaining sugar concentra-
tion (mg/ml). 

The harvested cellulose layer contained differ-
ent residual medium components, Figure 4 which 
were removed by washing the BNC membranes 
twice with boiling distilled water and 0.1 N NaOH 

for a duration of 20 minutes for each step. The fi-
nal step involved washing the BNC with distilled 
water until reaching a neutral pH value Figure 4. 
The wet and dry weights as well as water holding 
capacity of BNC have been measured following 
the methods mentioned in (Abol-Fotouh et al., 
[2020]. The film layer was kept in water at 4 °C 
and weighed to get the wet weight, while the dry 
weight of the film was measured after drying at 
room temperature for 24 hours. The water hold-
ing capacity (WHC) was calculated using equa-
tions 2 and the moisture content ratio of BNC was 
calculated using Equations 3 and 4 which corre-
spond to the wet mass and the dry mass methods, 
respectively: 
 WHC = wet weight / dry weight (2)
 Moisture content ratio (wet mass method) = 
 = (wet weight – dry weight) / wet weight (3)

 Moisture content ratio (dry mass method) = 
 = (wet weight – dry weight) / dry weight (4)

The structure and morphology of the harvest-
ed BNC was tested using FESEM.

Table 1. Constituents and conditions of the conducted experiments for BNC production

Experimental 
set

Total media
(ml)

Modified HS 
percentage

(%)

Juice 
percentage 

(%)

Initial PH (before 
sterilization ± 0.1)

Incubation 
temperature
(°C ± 0.5)

Inoculator percentage 
(mother of vinegar) 
(weight/volume) (%)

Inoculator weight 
(mother of vinegar)

(g ± 1g)

P1 500 90% 10% 6 26 3% 15

P2 500 90% 10% 5 30 3% 15

P3 500 90% 10% 6 30 3% 15

P4 500 90% 10% 7 30 3% 15

P5 500 80% 20% 6 30 3% 15

P6 500 90% 10% 6 34 3% 15

P7 500 90% 10% 6 24 3% 15

Figure 4. Formed BNC-film on culture media after incubation time
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RESULTS AND DISCUSSIONS

BNC yield 

The effect of incubation temperature

According to the results shown in Figure 5, the 
optimal incubation temperature is 30 °C, which 
agrees with the findings published by Volova et 
al. [2018]. It is evident that further increase above 
30 °C or decreases below 28 °C, cause sharp fall 
in bacterial growth subsequently in BNC pro-
duction. Although the physiological temperature 
range is a wide 20–37 °C, it appears that bacterial 
growth and BNC synthesis could occur at room 
temperature, between 28 and 30 °C. Mesophilic 

temperatures produced the optimal conditions for 
bacterial growth and BNC production, suggesting 
that temperature had a significant influence on the 
results achieved [Khleifat, 2006]. Alternatively, 
this could simply be the result of temperature 
effects on enzyme activity [Khleifat, 2007]. Ac-
cording to certain reports, temperature may affect 
the breakdown of various organic molecules in 
an equal or greater way than nutrition availability 
[Khleifat, 2007; Khleifat et al., 2015].

The impact of initial pH 

The results show that the highest yield had been 
achieved in samples from set P3 where the initial 
pH was 6, Figure 6. This took place due to the fact 

Figure 5. Effect of incubation temperature on the dry yield of BNC

Figure 6. The effect of initial pH on the dry yield of the produced BNC
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that the enzymes involved in BNC production 
reaching their peak activity at pH 6. These results 
align with those found by Son et al. [2001] which 
demonstrate that the maximum cellulose yield was 
attained at an initial pH value of 6.5. According to 
the conclusions of study [Delmer and Amor, 1995] 
the optimal pH level range at which acidic bacte-
ria can thrive is between 4.0 and 7.0. Additionally, 
Alva and Peyton [2003] reported that the optimal 
pH for the bioremediation of organic residues dif-
fered among bacteria. For instance, the pH range 
for the bacterium Halomonas campisalis has been 
determined to be between 8 and 11 and the pH for 
the bioremediation of phenol by Klebsiella oxyto-
ca was 6.8 [Khleifat et al., 2015]. The data shown 

in Figure 7 presents the change in the medium final 
pH values, which reveal that a drop in the final pH 
values in all samples had took place. The decrease 
in final pH values was due to the formation of ac-
ids during the fermentation process. Moreover, the 
release of carbon dioxide and creation of gluconic 
acid led to the formation of carbonic acid causing 
further drop in the medium’s final pH value. These 
results are in consistence with the results obtained 
by Abol-Fotouh et al. [2020], they concluded that 
the production of BNC can be significantly en-
hanced by optimizing the medium’s final pH value 
and sugar concentration. The wet yields of BNC 
produced from all samples from P1 to P7 are dis-
played in Figure 8. 

Figure 7. The relationship between BNC yield and the final pH value

Figure 8. The wet yields of BNC from all samples
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The impact of juice ratio on BNC yield

Samples from sets P3 and P5 with juice ra-
tios of 10% and 20% respectively, have the same 
initial pH of 6 were incubated at temperatures of 
30 °C. The dry and wet yields of BNC produced 
in samples from P3 having juice ratio of 10% 
were 0.62 g/L and 31.6 g/L while the yields pro-
duced in samples from P5 having juice ratio of 
20% were 0.56 and 23.2 g/l (Figures 7 and 8). 
The reduction in the yield may be attributed to 
high initial fructose contents in samples with 20% 
juice ratio, which contributed to the sample’s low 
consumption ratios. Although the cell biomass 
grew, the BNC yield production was inhibited at 
20% glucose and fructose utilization; this could 
be due to catabolite repression by glucose and 
fructose or other carbon sources produced during 
fermentation [Khleifat, 2006].

The change in dissolved oxygen concentration

The fermentation process is aerobic, which 
cause a decrease in DO concentration in the cul-
ture medium over time. On the other hand, the 
culture medium receives DO from two sources, 
the first one is the liberated DO from the con-
sumption of carbon from sugars and the second is 
DO from the air through the culture surface area 
in contact with air [Schramm and Hestrin, 1954]. 
Therefore, the DO concentration is affected by 
the contact surface area and the activity of the 
bacteria that consumes oxygen directly and that 
releases DO during the fermentation of sugars. 
As a result, the change in DO concentration is 
variable and does not follow a specific trend, as 
shown in Table 2. 

Effect of sugar consumption on BNC yield

It was possible to determine the impact of 
sugar consumption on the behavior of the bacteri-
al community that produces nanocellulose under 

various conditions by comparing the sugar concen-
trations in the DP juice before and after the fermen-
tation process. Prior to fermentation, the juice had 
glucose and fructose concentrations of 445.22 mg/
ml and 970.76 mg/ml, respectively. In samples P1, 
P2, P3, P4, P6, and P7, where the juice ratio was 
10%, the remaining concentrations of glucose af-
ter fermentation were progressively 21.85, 29.96, 
28.24, 24.02, 25.98, and 25.87 mg/ml, while the 
concentrations of fructose were correspondingly 
55.02, 32.57, 50.24, 42.82, 21.18, and 37.87 mg/
ml. In sample 5, which contained 20% juice, the 
quantities of glucose and fructose have been de-
termined to be 73.56 mg/ml and 116.48 mg/ml, 
respectively Table 3. During the fermentation 
process, the starch components in DP degraded, 
producing a variety of monosaccharides, disaccha-
rides, and polysaccharides. Therefore, it is difficult 
to create a precise correlation between the ingested 
Fructose and Glucose and the generated dry yield 
of BNC because the products of starch compo-
nents degradation affect the consumption ratios of 
fructose and glucose [Medic, 2011]. 

Increasing the rate of glucose conversion while 
keeping a particular biomass is the most important 
element in determining the outcome of BNC fer-
mentation [Bamigbade et al., 2022]. To obtain suf-
ficient biomass, it has been reported that D-man-
nitol or D-sorbitol and yeast extract are typically 
included in the seed medium on which bacteria are 
inoculated, while D-sorbitol and a fairly high con-
centration of glucose are required in the fermenta-
tion medium [Bamigbade et al., 2022].

According to [Loh and Wang, 1998], resid-
ual glucose or fructose must be removed after 
trans-glycosylation due to their inhibiting effects, 
which therefore leads to a reduced BNC yield. As 
a result, fructose, yeast extract, and casein could 
be converted into readily mobilized intracellular 
carbon, nitrogen, and energy sources that could 
give the strain a selective advantage [Leonard and 

Table 2. The change in the dissolved oxygen in the culture media

Experiment (pattern) DO Before Incubation (mg/L) DO After Incubation (mg/L) Dissolved-oxygen decrease 
(mg/L)

P1 6.9 1.2 5.7

P2 6.3 5.2 1.1

P3 6.9 2.8 4.1

P4 6.4 4.3 2.1

P5 6.2 4.8 1.4

P6 7.2 0.4 6.8

P7 6.9 1.4 5.5
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Lindly, 1999]. These substrates could be kept at a 
specific level to prevent completely suppressing 
the formation of BNC yield and to maintain cel-
lular growth potential. In general, increasing cell 
biomass and using more easily metabolizable car-
bon and nitrogen sources result in the induction of 
the BNC yield formation when these carbon and 
nitrogen sources are added.

Water holding capacity (WHC)

Nanocellulose is characterized by its high 
ability to hold water, which made it effective in 
many applications. The high porosity and large 
surface area relative to mass are the main reasons 
behind the ability of BNC to hold large amounts 
of water. The produced BNC samples showed a 
clear difference in terms of their ability to hold 
water, due to the variation in their porosity and 
surface area which depends on the operational 
parameters such namely initial pH, incubation 
temperature, and juice concentration under which 
they produced as shown in Table 4.

FESEM

The morphological images of the produced 
BNC are shown in Figures 3 and 4, indicate the 

presence of structures similar to nano porous or 
Sponge-like nanostructure with different nano 
porous size. The BNC structure formed in sam-
ple P2, characterized by a high initial pH value, 
exhibits greater compactness and higher porosity 
when compared to those produced in samples P3 
and P4, which had lower initial pH under identi-
cal conditions.

As for sample (P5), which contained higher 
DP juice ratio, the results indicate the presence of 
nanostructures similar to Nano fibers with very 
small diameters, images P5 and P5-1. Here the 
nano porous can be consisting of an inorganic and 
organic framework supporting a regular, porous 
structure, and it can be classified as membranes 
and bulk materials. Moreover, the size of the 
pores is generally 100 nm or smaller. Depend-
ing on this, the high ratio of juice in the medium 
affects the surface morphology of the produced 
BNC. The effect of raising the incubation temper-
ature was positive on the alignment of the nano-
structure and porosity in sample P6 compared to 
samples P1 and P3 which have the same pH and 
DP juice ratio. The results of FESEM revealed 
that porous nanostructures were obtained with 
different nanoscale diameters less than 100 nm 
and different porosity due to the difference in the 

Table 3. The relation between sugar consumption ratios and dry yield of pure Cellulose at different control 
parameters

Sample Initial 
pH

Incubation 
temperature, 

°C

Dry yield of 
pure cellulose 

(mg/L)

Initial fructose
concentration 

(mg/ml)

Remaining 
fructose 
(mg/ml)

Fructose 
consumption 

ratio

Initial 
glucose
(mg/ml)

Remaining 
glucose 
(mg/ml)

Glucose 
consumption 

ratio
FCR/GCR

P1 6 26 0.54 97.07 55.02 43.3% 44.52 21.85 50.9% 0.85

P2 5 30 0.36 97.07 32.57 66.4% 44.52 29.96 32.7% 2.03

P3 6 30 0.62 97.07 50.24 48.2% 44.52 28.24 36.6% 1.32

P4 7 30 0.5 97.07 42.82 55.9% 44.52 24.02 46.0% 1.22

P5 6 30 0.56 194.15 116.48 40.0% 89.04 73.56 17.4% 2.30

P6 6 34 0.44 97.07 21.18 78.2% 44.52 25.98 41.6% 1.88

P7 6 24 0.32 97.07 37.87 61.0% 44.52 25.87 41.9% 1.46

Table 4. Water holding capacity and moisture content of BNC samples

Pattern Wet weight of cellulose 
film (g)

The dry weight of 
cellulose film (g)

WHC
(g/g)

Moisture content ratio
(wet mass method)

Moisture content ratio
(dry mass method)

P1 14.19 0.27 52.56 98.1% 5155.6%

P2 8.29 0.18 46.1 97.8% 4505.6%

P3 15.8 0.31 50.97 98.0% 4996.8%

P4 9.11 0.25 36.44 97.3% 3544.0%

P5 11.6 0.28 41.43 97.6% 4042.9%

P6 14 0.22 63.64 98.4% 6263.6%

P7 9.49 0.16 59.31 98.3% 5831.3%
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Figure 9. Morphological images of samples from sets P1–P4

Figure 10. Morphological images of samples from sets P5–P7
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control parameters and conditions. Especially, 
doubling the DP juice ratio in the culture medium 
for sample P5 increased the porosity and regular-
ity of the porous structure in the produced BNC 
compared to that produced in sample P3. Sample 
P3 contains half the DP juice ratio and the same 
initial pH and incubation temperature. Notably, 
the pore size is generally 100 nm or smaller. Ac-
cordingly, increasing the ratio of DP juice in the 
samples had a positive effect on the structure and 
morphology of BNC (Figures 9, 10).

CONCLUSIONS

Based on the findings of this study, the fol-
lowing conclusions can be drawn:
1. Safe disposal of date processing wastes spe-

cially DP by reusing it in the substrate for the 
production of BNC has been proved. 

2. Increasing the ratio of DP juice in the substrate 
has a positive effect on the structure and mor-
phology of the produced BNC. 

3. Increasing juice ratio in the medium decreased 
the yield, water holding capacity and moisture 
content of the produced BNC 

4. The optimal initial pH value and incubation 
temperature for BNC production were 6 and 
30 °C respectively. 
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